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1 0 1 gave no notable smearing towards lower fragment sizes for preserved samples 1 0 2 (Additional file 1: Figure S2 ) and comparable success rates in getting sufficient cDNA (≥ 1 0 3 2 ng) between fresh samples and those after up to 3 days of preservation (Figure 2A ). The 1 0 4 success rate dropped notably at day 4, despite that the fraction of PI-cells stayed 1 0 5 comparable with that of fresh, indicative of the notation that mRNA degradation 1 0 6 preceded cell membrane permeabilization in early cell death events [18] . further evaluate mRNA integrity, we examined 5' to 3' read coverage across all exons for 1 1 0 each single cell, and observed no more bias towards 3' in preserved samples than in fresh 1 1 1 samples ( Figure 2B) , which was further supported by both qualitative inspection of the 1 1 2 coverage curves for individual cells (Additional file 1: Figure S3 ) and quantitative 1 1 3 assessment of the collective skewness of curves for each timepoint (Additional file 1: 1 1 4 Figure S4 ). In addition, the number of genes detected per cell did not drop noticeably 1 1 5 until after 4 days of preservation ( Figure 2C ).
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We next assessed the impact of preservation on the cell type heterogeneity of kidney 1 1 7 resident immune cells. To explore the data in an unbiased manner, we performed 1 1 8 dimensional reduction using whole-transcriptome information via t-distributed stochastic 1 1 9 neighbor embedding (tSNE). In the resulting 2-dimensional tSNE space ( Figure 2D ), 1 2 0 single cells formed well-segregated clusters, which we defined into 9 putative clusters 1 2 1 computationally ( Figure 3A ). Given that it is clear that preservation time is not the 1 2 2 driving force for the segregation of the clusters ( Figure 3B ), we hypothesized that the 1 2 3 source of the segregation was the cell type heterogeneity in kidney resident immune cells, that observed in the tSNE space ( Figure 3C ), confirming our hypothesis. It is noteworthy that although 7 out of the 9 clusters defined by both methods can be 1 2 8 unambiguously identified as known immune populations ( Figure 3C ), there are 2 (cluster 1 2 9 8 and 9) that cannot be assigned using classical definitions. Unbiased differential 1 3 0 expression analysis on cluster 8 revealed a list of genes that are uniquely expressed in this Table S1 ) with enriched ontology terms ( Figure 3E Additional file3: Table S2 ) suggesting it is a putative lymphocyte population that hand, is most likely a low quality/apoptosing macrophage population due to its absence in 1 3 5 fresh samples ( Figure 3B ), the lack of uniquely expressing markers identified (Additional 1 3 6 file1: Figure S5B ), the lack of Cd45/Ptprc expression ( Figure 3C ), and the low number of To summarize, the fact that all defined populations were present in fresh tissues and We then compared the transcriptome of fresh and preserved cells within each defined cell type. For all cell types, we calculated pair-wise correlations between cells within and 1 4 7 between different preservation conditions. The distribution of correlations was not isotypes, as well as affinities. We hence evaluated the success rate in obtaining the 1 5 8 information using de novo assembly and the impact of preservation on it. From all B cells 1 5 9 identified from fresh and preserved tissues, we were able to identify contigs containing Table S3 ). The rate of dropout events where only one chain is identifiable is comparably 1 6 2 low between fresh and preserved tissues when statistical power holds ( Figure 4D ). To this 1 6 3 end, the strategy conserved the transcriptome profile within identified populations. heterogeneity compared to cells from freshly harvested tissues. Resident immune cells from kidneys were used for evaluation in the context of 1 7 1 scRNAseq because of their known heterogeneity and the vast interest they have drawn in 1 7 2 kidney injuries. We were able to define 8 cell types in this population, supported by their population, the preservation strategy did not introduce quantitative perturbations on the 1 7 5 overall transcriptome profile, and faithfully preserved Ig and TCR transcripts to a degree 1 7 6 that we could assemble full-length transcript sequences for these highly variable genes 1 7 7 for higher resolution interrogations. The strategy is ideal for scRNAseq also due to its high potential in standardization. preserving solution functions in a serum-free formulation, and hence is free from 1 8 7 variations introduced by lot-to-lot difference in serum preparations. Thanks to the progress made by the organ preservation community, available preserving functionality in diverse organ types, including pancreas and heart. We 1 9 1 therefore expect that the proposed strategy be readily generalizable to other tissue types 1 9 2 for scRNAseq as well as for other procedures such xenograft and organoid generation. tissues. The strategy is ideal for scRNAseq given its high fidelity and standardizability. The procedure highly resembles the routine handling of specimen in clinics and hence 1 9 9 makes it practical to engage clinicians in collaborations, which are essential for the 2 0 0 scRNAseq community as well as highly collaborative endeavors such as Human Cell Experiments were performed on both lungs or on 1.5 lungs that were pooled from the 2 0 8 same mouse for the time points 0-2 days and 3-4 days, respectively. . Mice of ~3 week old were euthanized by administration of CO 2 . Kidneys were harvested 2 1 0 en bloc without perfusion and were either dissociated immediately for single cell sort or 2 1 1 preserved in the HypoThermosol ® FRS solution (BioLifeSolutions) at 4 °C for 6 hrs, 1, 2, 2 1 2 3, or 4 days before dissociation and further processing. Kidneys were minced with a razor blade and dissociated in Liberase DL (Roche) in 2 1 4 RPMI 1640 (LifeTechnologies) with horizontal agitation at 180rpm at 37 °C for 20 min. were resuspended in ACK red blood cell lysing buffer (Thermo Fisher), incubated for 5 2 1 8 min, quenched with 1 volume PBS (ThermoFisher) containing 2% FBS (ThermoFisher), 2 1 9 centrifuged at 300 ×g for 5 min, and then resuspended in FACS staining buffer (BD 2 2 0 Biosciences). Single cells resuspended in the staining buffer were stained with antibody against surface protocol, washed twice with the staining buffer, and then incubated in propidium iodide 2 2 5 (PI) solution (Life Technologies) at room temperature for 10 min. Cell viability was 1 2 evaluated on FACS (Sony Biotechnology Inc.). Singlet PI -Cd45 + cells were index sorted 2 2 7 onto pre-chilled 96-well plates containing cell lysis buffer using a Sony SH800 sorter.
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The plates were vortexed, spun down at 4°C, immediately placed on dry ice, and then 2 2 9 stored at -80 °C. Single-cell cDNA libraries were generated using procedures adapted Reads were pre-processed and aligned to mouse reference genome GRCm38 with STAR. For every gene in the reference, aligned reads were converted to counts using HTseq under the setting -m intersection-strict \-s no. All animal experiments were performed in accordance with approved Institutional Animal Care and Use Committee (IACUC) protocols authorized by Stanford University. Not applicable. The datasets generated and/or analyzed during the current study are submitted to the 2 8 2 NCBI Gene expression Omnibus (GEO, http://ncbi.nlm.nih.gov/geo) and will be 2 8 3 available upon request. The authors declare no competing interest. experiments. WW and DC performed data analysis. WW and SRQ wrote the manuscript. Cell types in kidney resident immune cells and the impact of preservation on cell type The impact of preservation on the transcriptome profile for each identified cell type. Pair- Figure 4 . The impact of preservation on the transcriptome profile for each identified cell type. Pair-wise correlation between cells within and across preservation conditions for myeloid (A) and lymphoid (B) populations (Numbers shown are the mediums of each pair of compared distributions. Cell type numbering corresponds to cluster ID in Fig 3A, and cell type identity follows that in Fig 3C ) . (C) Expression of components of B cell antibodies and T cell receptors in identified lymphoid populations. (D) Distribution of success in extracting fulllength transcript sequence for heavy and light chains in all identified B cells. (Coloring for preservation time and cluster ID in C, D follow that in Fig 2B and  3A, respectively.) 
